Purpose: The purpose of this analysis was to conduct summative usability evaluations, including behavioral and subjective evaluations, for the fentanyl iontophoretic transdermal system (ITS). Design: Four usability studies were conducted in representative users. Methods: The first three studies were conducted with (1) health care professionals (HCPs; N 5 31), (2) patients who received placebo fentanyl ITS (N 5 30), and (3) healthy volunteers (N 5 30), and focused on the understanding and use of fentanyl ITS. The fourth study included HCPs (N 5 31) and healthy volunteers (N 5 30), and focused on the effectiveness of formal training regarding the use of fentanyl ITS. Findings: Overall, user groups found the fentanyl ITS easy to use. There were no use errors that could potentially have safety implications. In the three early studies, there were some minor difficulties experienced; however, the introduction of a structured training reduced these difficulties. Conclusions: Patients, nurses, and pharmacists were able to use fentanyl ITS with ease.
FENTANYL IONTOPHORETIC Transdermal System (ITS; IONSYS, The Medicines Company, Parsippany, NJ) is a needle-free, patientcontrolled analgesia (PCA) system that is indicated for the short-term management of acute postoperative pain in adult patients requiring opioid analgesia in the hospital. [1] [2] [3] [4] [5] [6] Iontophoresis (electrotransport or electrically-assisted transport) technology uses a virtually imperceptible low-intensity electric current to ionize and repel positively charged fentanyl molecules from the system anode through the skin's stratum corneum into the subcutaneous space and diffuse into the circulatory system. This method of drug delivery can provide PCA in a simple and noninvasive manner. Fentanyl ITS provides a 40 mcg dose of fentanyl per activation, delivered continuously over a 10-minute period. Dose administration is started by the patient pressing and releasing a recessed button on the top of the system twice within 3 seconds. A maximum of six 40 mcg doses can be administered per hour with each system operating for up to 24 hours or until 80 doses have been administered whichever occurs first, on which the system becomes inoperable. The system deactivates and provides an audio alert if an error condition occurs.
The current version of fentanyl ITS is designated as the Separated System with Enhanced Controller, and separates the hydrogels in the bottom housing unit called the drug unit from the electronic circuit of the top housing unit called the controller unit during manufacture and storage ( Figure 1A ). The health care professional (HCP) assembles the system by snapping the drug unit and controller unit together immediately before application to the patient ( Figure 1B ).
Fentanyl ITS is intended for use for adult patients for whom an opioid agonist is indicated for the short-term management of acute postoperative pain during hospitalization. HCPs dispense and administer the system to the patient. Thus, there are three specific groups who are involved with fentanyl ITS in the hospital: (1) Nurses who work in hospitals with various areas of experience (eg, medical-surgical unit postanesthesia care unit), (2) Pharmacists who work in hospital pharmacies and are involved in dispensing medications, and (3) Adult patients who require postoperative opioid pain management therapy.
Nurses have the most oversight with the fentanyl ITS user interface. They remove the system from the packaging, assemble it, apply it to the patient after preparing the skin site for application, and train patients on how to use the system. Nurses monitor patients throughout the duration of therapy, including the number of doses delivered and responding to system-generated alerts and any complaints by the patient. On completion of therapy, the nurse removes fentanyl ITS from the patient and separates the drug compartment from the rest of the system for safe disposal. Pharmacists are not expected to routinely assemble, disassemble, or monitor the system, but nurses may call them to provide support during these tasks. Patients actuate a dose when needed and report audible beeping or complaints to the nursing staff. Fentanyl ITS is intended for use in a hospital setting only and is removed from the patient before discharge. Hospitals must be certified in the IONSYS Risk Evaluation and Mitigation Strategy program to order, dispense, and administer IONSYS. Nurses and pharmacists will receive training in the field (eg, an ''in-service'') before using the system per the Risk Evaluation and Mitigation Strategy. Nurses and pharmacists will have access to the Instructions for Use and Disposal (IFUD) and the full prescribing information during use of the system. Patients will be trained to use the system by the nurse who applies it. The nurse will instruct the patient on how to deliver a dose, how often to deliver a dose, and what to do in the event of a system alert (ie, notify the nursing staff).
The US Food and Drug Administration (FDA) recognizes the importance of optimizing medical device design through applying human factors engineering and usability engineering during the development process. 7 A draft guidance was issued on June 22, 2011 for the pharmaceutical and device industry outlining the steps needed in device development, which includes both formative (used for device refinement) and summative (used for device validation) studies. 7 Three formative studies were completed with fentanyl ITS for the purpose of system refinement and product development. Improvements were made to the device based on the results of these three studies and a graphic ''Quick Guide'' or ''IFUD'' document was created.
The purpose of the four summative studies described below was to demonstrate that the fentanyl ITS design met the user needs, and potential users were able to use the system without any errors or close-calls that could affect safety of the users. The fourth study also evaluated training that would be representative of HCP in-service training and patient training. The results of these studies are of particular interest to perianesthesia nurses as they are the group that most initiates and teaches patients about how to use PCA.
Materials and Methods
Fentanyl ITS consists of two parts, a drug unit and a controller that supplies the dosing current ( Figure 1 ). The two parts are packaged separately and assembled before use. The three studies used either an ''active'' fentanyl ITS system or a ''placebo'' fentanyl ITS system. The active ingredient in fentanyl ITS is fentanyl (10.8 mg fentanyl hydrochloride equivalent to 9.7 mg fentanyl). Fentanyl ITS provides a 40 mcg dose of fentanyl per activation, delivered over a 10-minute period with an electrical current of 170 mA. Dose administration is initiated by the patient pressing and releasing a recessed button on the top of the system twice within 3 seconds. A maximum of six 40 mcg doses can be administered per hour. The system operates for 24 hours or until 80 doses have been used, at which point the system is automatically deactivated and becomes inoperable. The system provides audio alerts when error conditions occur. For the ''placebo'' fentanyl ITS, the system is exactly the same with the exception that the active ingredient is not present. The fentanyl ITS user interface is detailed in Figure 1C .
These summative studies were performed based on the draft guidance document that was issued on June 22, 2011 for the pharmaceutical and device industry. Sample sizes of 10 to 15 are aligned with the FDA expectations and are considered appropriate for observational studies such as these. 
Study 1: HCP Study
Before participation in the study, all HCPs provided informed consent for their involvement in a simulated use, nonclinical study.
OBJECTIVE. The objective of the HCP study was to conduct summative testing for fentanyl ITS with the nurse and pharmacist groups. This study was intended to demonstrate that fentanyl ITS can be used by representative users under simulated use conditions (ie, no drug in the system) without producing failures that could result in harm to patients or injury to other system users.
STUDY
DESIGN, ASSESSMENTS, AND TRAINING. The simulated-use validation test was conducted with 31 HCPs: 15 nurses (12 women and three men) and 16 pharmacists (13 women and three men) in a patient room in a large hospital in Houston, TX. The nurses were currently working in a hospital and had various areas of expertise (eg, medical-surgical unit, postanesthesia care unit). The pharmacists were also currently working in a hospital pharmacy. One of the participants was color-blind.
The study evaluated the essential daily user tasks for fentanyl ITS specific to HCP interaction with the system. Tasks were evaluated by having participants use the system independently in as realistic a manner as possible, without guidance, coaching, praise, or critique from the study facilitator. Both behavioral (direct observation of behavior) and verbal (subjective participant assessment) data were collected. Tasks included system assembly (indicated by successful completion of the automated self-test performed by the system that confirms that the system has been assembled correctly); system application, removal, and disposal (indicted by successful adherence of the system to and removal from a simulated patient application site, and then indication of correct disposal methods); system display comprehension (indicated by understanding that the digital display shows the number of doses delivered); on-system warning statements comprehension (indicated by understanding the meaning of the warning statements); general system understanding (indicated by comprehension of general features of the system); and alert comprehension (indicated by understanding of, including how to respond correctly to, the dose initiation beep, the ''15 second beeping/poor skin contact'', and the ''continuous beeping/system error'' alerts) ( Table 1 ).
The study consisted of one-on-one sessions during which the study facilitator first gave the participants a series of tasks (listed above) to perform and recorded their behavior, and then asked them a series of questions and recorded their responses. Because the study involved simulated use of fentanyl ITS with placebo systems, participants did not apply the system to a real patient, but engaged in the behaviors involved in that scenario (eg, applying the system to a mannequin). The session started with a simulation of the participants' first-time use of the system without training. The study facilitator provided a brief verbal introduction to the system and testing session, and then allowed the participants adequate time (approximately 5 minutes) to read the Instructions for Use document. The study facilitator then observed and recorded the participant's performance on the tasks. The behavioral trials were followed by a short interview, in which the participants provided their subjective assessments of the various tasks.
The data collection and coding scheme for this study were intended to result in sufficient and appropriate data to facilitate identification and understanding of the root causes of use failures and encountered problems, inclusive of close calls and operational difficulties. ''Close calls'' are instances in which a user experiences confusion, misinterpretation, difficulty, or error that would result in mistreatment or harm, but the user ''recovers'' and no actual performance failure occurs. 7 Standardized categories were used to record participant behavior on each task (Table 2 ).
Study 2: Patient Study
Before study commencement, the protocol, informed consent form, and relevant study documents were reviewed and approved by an institutional review board. An informed consent was signed by each patient before any study-specific tests were performed. This study was conducted in accordance with US FDA and International Conference on Harmonisation Guidelines for Good 
System assembly N/A
The participants were provided an IFUD and requested to read through the document. Approximately 10 min were allotted to this unless the participants said they were ready in a shorter duration. They were then handed a sealed tray containing the study system (a sealed placebo drug unit and a human factors controller; Figure 1 ). The first task was to assemble the system to get it ready for application to the patient.
System application
After assembly, the participants were told to apply the system to the mannequin. After application, the study facilitator asked the participant what they would have done to prepare the site if they were applying it to a real patient.
Application sites
Participants were required to select an appropriate application site.
Site preparation
Participants were required to describe how to correctly prepare the site for application (ie, clean with alcohol, clip, not shave, hair). Application
Participants were required to correctly apply the fentanyl ITS system to the application site on the simulated patient.
System display comprehension
At different times during the testing, the facilitator asked the study participants to identify what the system was doing (ie, what state the system was in) Ready state
The LCD showed the number of doses delivered so far, and the LED blinked green slowly.
Delivery state
The LCD flashed the number of doses delivered, and the LED blinked green quickly.
End of use state
The LCD showed ''80,'' and the LED did not light up at all.
Digital display
The study facilitator asked the participants two questions about the meaning of the LCD during the study; these questions were spaced apart from each other. 4. On-system warning statements comprehension
The study facilitator asked the participants to read and interpret all the warning statements printed on the system. Only patient to press button Not for home use Remove before MRI 5. Audible alert comprehension
The study facilitator triggered multiple system alarms during the study and asked the participants to interpret them and state how he/she would respond to the alarms.
15-second alert
Participants were required to identify that this signals poor skin contact.
Continuous alert
Participants were required to identify that this signals a system error and remove the system from the simulated patient.
Silencing alert
Participants were required to silence the continuous beeping alert by pressing and holding the dose button on the system. 6. General system understanding
The study facilitator asked the participants the maximum number of doses one system could deliver and the amount of time one system could stay on a patient. The study
HUMAN FACTORS RESULTS FOR FENTANYL ITS
Clinical Practice and with the ethical principles originating in the Declaration of Helsinki.
OBJECTIVE. The objective of the patient study was to conduct summative testing for fentanyl ITS with representative users (ie, postoperative adult patients). This study was intended to demonstrate that fentanyl ITS can be used by postoperative patients under simulated use conditions (ie, no drug in the system) without producing userelated failures that could potentially result in harm to patients or injury to other system users.
STUDY DESIGN, TRAINING, AND ASSESS-MENTS (PATIENTS).
The simulated-use validation test was conducted with hospitalized, postoperative adult patients. These patients were prescribed an opioid pain management regimen (eg, IV PCA morphine) on the day of the study (1-day postoperatively) and were titrated per the sites normal procedures to a pain score of less than five on a 0 to 10 Likert Numeric Pain Rating Scale. These conditions are representative of the intended use situations for fentanyl ITS commercial product.
The study evaluated the daily tasks for fentanyl ITS specific to the user's interaction with the system. Tasks were evaluated by having participants use the system independently in as realistic a manner as possible, without guidance, coaching, praise, or critique from the study facilitator. Both behavioral (direct observation of behavior) and verbal (subjective participant assessment) data were collected. Tasks included dose administration (indicated by the LED changing from slow blinking green to fast blinking green and a single beep) and comprehension of the alerts provided by the system (indicated by understanding the ''15 second beeping/poor skin contact'' and the ''continuous beeping/system error'' alerts, and the resulting necessary actions). For each session, the study facilitator provided a brief verbal introduction to the system and the testing session. Next, a nurse trained the patient (training typically lasted less than 3 minutes) and explained how the system was to be operated-training which is realistic with use of this system. The nurse then applied the system to the patient, either to the chest or upper outer arm, per a randomized pattern. Each patient then completed steps necessary to The final task was for the participants to remove and dispose of the system. Removing the system Participants were required to remove the fentanyl ITS system from the application site. Separating red bottom housing from system
Participants were required to separate the red bottom housing from the system. Disposing of the system Participants were required to indicate proper disposal methods for the fentanyl ITS system (ie, drug unit in the biohazardous waste, sharps container, or flushed down toilet; controller in waste for batteries).
ITS, iontophoretic transdermal system; IFUD, Instructions for Use and Disposal; MRI, magnetic resonance imaging; N/A, not applicable.
administer simulated doses using the system, whereas the study facilitator recorded the behavior. Because the study involved simulated use of fentanyl ITS with placebo systems, participants did not actually administer any medication, but engaged in the behaviors involved in doing so (eg, initiating a dose). The behavioral trials were followed by a short interview, in which the participant provided a subjective assessment of the system. Standardized categories were used to record participant behavior for dose administration (Table 2) . Results from the ''15-second alert recognition'' and ''continuous alert recognition,'' were evaluated according to the following criteria: a score of ''Call Nurse'' meant that the participant correctly reported that he or she would call a nurse for assistance after hearing the alert; a score of ''Administer Another Dose'' meant that the participant reported that he or she would attempt to administer another dose of medication after hearing the alert, but would not immediately report it to a nurse. Attempting to administer another dose was not an incorrect action; however, in training, the patients were instructed to notify a nurse in the event of any alerts; a score of ''Unsure'' meant that the participant did not know what to do when he or she heard the alert and a score of ''Did Not Notice'' meant that the participant did not appear to perceive the alert.
STAFF QUESTIONNAIRES. Staff members involved with the study were asked a series of questions pertaining to ease of use and clarity of instructions. These questions addressed: ease of assembly of the system, clarity of the instructions to assemble the system, ease of application of the system, clarity of the instructions to apply the system, overall ease of use of the system, patient understanding of how to use the system, perceived degree of patient success in interacting with the system. Staff only responded to questions that were applicable to the interactions they had with the system.
Study 3: Simulated Hospital Study
Before study commencement, the protocol, informed consent form, and relevant study documents were reviewed and approved by an institutional review board. An informed consent was signed by the patient before any study-specific tests were performed. This study was conducted in accordance with US FDA and International Conference on Harmonisation Guidelines for Good Clinical Practice and with the ethical principles originating in the Declaration of Helsinki.
OBJECTIVE. The primary objective was to observe the performance of the fentanyl ITS when used in a simulated hospital setting with healthy volunteers.
STUDY DESIGN, TRAINING, AND ASSESS-MENTS. This was a single-center, randomized, open-label study. Healthy adult participants were screened within 30 days before randomization. A naloxone challenge was performed within 24 hours before the first fentanyl dosing. Participants received naltrexone hydrochloride (50 mg orally every 12 hours) before, during, and after fentanyl delivery to block the opioid effects of fentanyl. Fentanyl ITS was applied randomly to either the right or left upper outer arm of each participant. They self-administered an average of four fentanyl The critical tasks in this study included the steps necessary to successfully administer multiple doses of fentanyl using fentanyl ITS. For the patient user group, the task was dose administration. For the staff-member user group, the tasks included assembling the system, applying the system, removing and disposing of the system, and instruction comprehension.
After the completion of fentanyl ITS treatment, two questionnaires were used to collect information on experience with fentanyl ITS. The first questionnaire was administered to each subject within 24 hours of the end of the treatment period. Difficulty regarding dose initiation and overall ease of use was assessed using a four-point scale (4-very easy, 3-somewhat easy, 2-somewhat difficult, 1-very difficult). The second questionnaire was completed by the clinical staff who applied and attended to the patient participants within 2 hours of the end of the treatment period or after the last patient contact during the treatment period (eg, due to a shift change). Ease of use and comprehension of instructions was assessed using a four-point scale (4-very easy/clear, 3-somewhat easy/clear, 2-somewhat difficult/confusing, 1-very difficult/confusing). A four-point scale (4-excellent understanding, 3-good understanding, 2-average understanding, 1-poor understanding) was used to measure how well the staff believed subjects understood how to use fentanyl ITS. A four-point scale (4-very successful, 3-somewhat successful, 2-somewhat unsuccessful, 1-very unsuccessful) was used to measure how successful the staff believed subjects were with fentanyl ITS.
Study 4: HCP and Patient Study (With Formal Training)
OBJECTIVE. Based on root cause analysis of task failures observed in the first three studies, additional risk mitigations-refinements to the IFUD and training of the HCPs and patients were introduced. The purpose of this validation study was to demonstrate the effectiveness of these mitigations in addressing the difficulties and task failures observed in the earlier validation studies and to demonstrate that the mitigations do not introduce any new issues.
STUDY DESIGN, ASSESSMENTS, AND TRAINING. HCP. Each HCP participant completed training that lasted approximately 30 minutes that would be representative of inservice training that HCPs would receive before using the fentanyl ITS system. The training was provided in a group setting similar to what is expected for in-service training. The training consisted of an introduction to the system and the associated instructions. Areas of focus for the HCP training included: How to assemble the system (ie, press at both ends; confirm digital display reads ''0'' and light flashes green to confirm proper assembly); How to orient the digital display (ie, read ''Doses Delivered'' underneath the digital display); How to attach the system to a patient and monitor adhesion to skin (ie, clean unbroken skin; press and hold for 15 seconds; if necessary use medical tape to secure system to skin); How to understand and react to the system alerts (ie, beeping that stops is for poor skin adhesion-a recoverable alert; continuous beeping is for system error-not a recoverable event-must remove and replace); and How to train their patients on the proper use of the fentanyl ITS (ie, must press firmly in the center of the button twice within 3 seconds). The next phase of the study consisted of one-on-one sessions during where the facilitator observed tasks specific to the system.
Patient.
The nurses who participated in the first part of the study provided training to patients (ie, healthy volunteers). In the event that nurse participants were not available for the extra duration required for training the patient, available pharmacist participants were asked to train the patient. The nurse trained the patient on the information outlined in the IFUD and the Guide for Patients (available at: https://www.ionsysrems.com/Ionsys UI/rems/pdf/IONSYS_Instructions_for_Use_and _Disposal.pdf). A Guide for Patients was also available to the patients during training and testing. The HCP applied the system to the patient after the training. The system was applied on a disposable plastic cuff or wrapping on the patient's upper outer arm to avoid attaching the system directly onto the simulated patient's skin. The patient administered simulated doses with the system, responded to system alerts and answered follow-up questions.
The tasks that were included were those that may be affected by the modifications made to the instructional materials and the training. The tasks included: system assembly and application (HCP only); comprehension of digital display (HCP only); comprehension of 15-section poor skin contact alert (HCPs and patients) and ability to initiate dose (patients only).
Results

Study 1: HCP Study
The summary of errors (Table 3) demonstrates that both nurse and pharmacist user groups were able to use fentanyl ITS appropriately, without exhibiting any use errors or close calls that would result in potential harm to the patient or themselves.
SYSTEM ASSEMBLY. Three HCPs required assistance with the assembly, all of them recognized that the unit was not working.
SYSTEM APPLICATION. One HCP required assistance to properly apply the system and one was unable to properly apply the system; however, the error was likely an artifact of the testing because the arm of the mannequin was not flexible the way a human's skin is, and therefore, this issue is unlikely to occur in a real patient. ON-SYSTEM WARNING STATEMENTS. All HCPs understood the ''only patient to press button,'' ''not for home use,'' and ''remove before MRI'' warnings printed on the system. AUDIBLE ALERT COMPREHENSION. Most of the HCPs interpreted the 15-second and continuous beeping alerts correctly and were able to successfully silence the system alert. Although, as shown in Table 3 , a few of the HCPs did not understand some of the alerts, the worst outcome that would result from this is delay of therapy.
GENERAL SYSTEM UNDERSTANDING. Most HCPs correctly indicated that a single system could deliver a maximum of 80 doses, and all the HCPs correctly indicated that a single system could remain on a patient for a maximum of 24 hours. Just over 50% of HCPs understood that they would rinse their hands with only water in the event that their skin came in contact with the drug hydrogel. Approximately, 40% HCPs incorrectly stated that they would use soap and water to wash their hands if their skin came in contact with the drug hydrogel. Again, these minor misunderstandings are unlikely to result in harm to either that patient or the HCP.
REMOVAL AND DISPOSAL. Most HCPs were able to separate the red bottom housing from the system. All HCPs were able to correctly indicate how they would dispose of the system-drug unit.
Study 2: Patient Study
There were 30 patients enrolled in this study. The summary of errors (Table 4) demonstrates that the patient user group was able to use fentanyl ITS safety and effectively, without exhibiting any use errors or close calls that would result in potential harm to themselves.
PATIENT TASKS. Dose Administration. Most patients were able to administer the first dose and second dose without any assistance.
Comprehension of Alerts Provided by the System. As with the HCPs, most patients understood both the 15-second alert and continuous alerts on the system. STAFF QUESTIONNAIRE. At the conclusion of the study, the nurses who participated in the study completed a questionnaire pertaining to fentanyl ITS (Table 5) . Overall, the nurses rated the system as easy to use for themselves and the patient and believed it to be easily understood by the patient (Table 5 ).
Study 3: Simulated Hospital Study
Thirty eligible participants received one 12-hour treatment with active fentanyl ITS. All participants completed all 48 doses with fentanyl ITS. Ten participants were women and 20 were men. They were predominately white (83%). The mean age was 36.3 years (range: 20 to 55 years), and the mean BMI was 25 kg/m 2 . Two staff nurses assembled, applied, removed, and disposed of fentanyl ITS in this study.
PATIENT QUESTIONNAIRE. A few participants required the staff nurses to give them system-use instructions more than once, and one participant appeared to have difficulty pressing the button quickly enough to initiate a dose, but was able to resolve the issue. The investigator did not observe any alerts (beeping) or any patients who were unable to initiate a dose. Out of the 30 patients, 26 reported that they were able to initiate doses successfully and the other four said that they were not sure if they had successfully initiated the dose, although they had in fact performed so.
Overall, the participants found the system very easy to initiate doses and rated the overall system ease of use as very easy (Table 5) .
STAFF QUESTIONNAIRE. Eighteen staff nurses participated in the study. Two staff nurses assembled, applied, removed, and disposed of the fentanyl ITS placebo, whereas the remaining 16 staff nurses notified participants to initiate their doses at the appropriate time intervals, and checked to ensure that the doses had been successfully initiated. Overall, the nurses rated the system as very easy to use with very clear instructions (Table 5) . No staff members reported making any mistakes while interacting with the system.
Study 4: HCP and Patient Study With Training
The additional mitigations eliminated or significantly reduced the previously observed use errors and difficulties (Table 6 ). In the HCP group (N 5 31), all successfully assembled the system, all successfully trained patients (as evidenced by the patients being able to properly use the system after training), all demonstrated proper understanding that the system was only meant for hospital use and needed to be removed before discharge; all wore gloves while handling the system, all successfully applied the system to the patient or mannequin, all correctly said that the digital display shows how many doses have been delivered, all correctly understood all warnings printed on the product, and all correctly indicated that all 80 doses had been delivered; therefore, they should dispose of it. Fourteen of 15 nurses and all 16 pharmacists correctly interpreted the 15-second alert as a poor skin contact alert and stated that they would attempt to reattach the system and/or tape it onto the patient's skin.
In the patient group (N 5 30), all were able to initiate both the first and second doses and all correctly identified the system was alerting and stated that they would call for a nurse for assistance. One patient demonstrated proper understanding of all aspects of product use, but incorrectly stated that because the system is prescribed for 24 hours, use could continue up to the prescribed 24-hour use period even after leaving the hospital.
There were no significant residual risks from the system that required further modifications to the system design, user interface, or the instructions provided in the Instructions for Use document.
Discussion
In the HCP and patient trial, the user groups were able to use fentanyl ITS appropriately, without exhibiting any use errors or close calls that would result in potential harm to the patients or themselves. Therefore, there is no significant residual risk from the system that requires further modifications to the system design, user interface, or the IFUD. In the first three studies, although there were a few errors and misunderstandings, these studies represented initial use of the system. The final fourth study, which incorporated formalized training, demonstrated that fentanyl ITS could be used by nurses, pharmacists, and patients without encountering use errors or difficulties. Overall, the participants indicated that fentanyl ITS was very easy to use and easy to initiate doses.
In the simulated hospital study, the staff nurses who assembled, applied, removed, and disposed of the systems said that they found assembling fentanyl ITS and applying it on the patients to be very easy, and the associated instructions to be very clear. They said that removing and disposing of the system was somewhat easy and that the associated instructions were very clear. Overall, the staff members indicated that the system was easy to use. On average, the staff members responded that the patients had good-to-excellent understanding of the system and were very successful using it.
A commonly used treatment option for postoperative pain management is intravenous PCA pumps. The main known use problems with the PCA pumps include: inappropriate patient selection, programming errors, selection of the wrong medication or concentration, compounding errors, setup time delay, patient mobility inhibition, and IV line complications, which include occlusion, infiltration, and infection. [8] [9] [10] [11] [12] Based on the known use problems with IV PCAs, the following design features were implemented with fentanyl ITS: (1) fentanyl ITS is not programmable-all units and doses are exactly the same, thus eliminating programming errors and expediting the setup process, (2) fentanyl ITS is prefilled with fentanyl to eliminate any medication mix-up or compounding errors, (3) the size of fentanyl ITS does not restrict patient mobility (ie, no IV line or pumps are required), and (4) fentanyl ITS does not require IV access. Patient selection criteria for appropriateness of therapy must be evaluated based on criteria similar to that of IV PCA.
In addition to having an easy-to-use system, such as fentanyl ITS, time efficiency and convenience need to be evaluated. Time efficiency and convenience of fentanyl ITS and morphine IV PCAs were compared in a pooled analysis of two studies 13 that used the validated nurse ease-of-care questionnaire. 14 In this analysis, the results of the nurse ease-of-care questionnaire suggested the fentanyl ITS was significantly more time-efficient and convenient to use when compared with morphine IV PCAs. 13 In addition, in this pooled analysis, nurses were significantly more satisfied with fentanyl ITS compared with morphine IV PCAs.
The findings suggest that this system would provide a safe and effective alternative to standard IV PCA systems in many patients. The demonstrated lack of dosing errors with the use of this system suggests a significant improvement in safety as this is a major source of morbidity and mortality from the use of traditional IV PCAs that can be programmed with multiple drugs and settings. The lack of need for a separate pump, tubing, and IV access will allow for better patient mobility and comfort through the use of this system. A significant problem with the complexity of currently available intravenous PCA systems is the amount of time devoted by the nurse to setting up the system and additional time needed to maintain and verify it once therapy has already been established. The simplicity of setup and use of fentanyl ITS from a nursing perspective should allow for more time to be made available to address the nonpharmacologic needs and interventions for patients that can have a profound effect on both perception of discomfort and overall satisfaction with care. In addition, the ability to have this system readily available in a variety of clinical settings will prevent unnecessary analgesic gaps that often accompany initiation of standard PCA systems owing to lack of either equipment, medications, or both.
15
For prescribers, the fixed dosing regimen and ability of this system to record number of doses administered, should streamline and standardize the process of opioid conversion to oral medications for discharge. Although this is possible with traditional PCA, the variety of medications and dosing schedules often prevents simple conversion. This system potentially allows for more algorithmic conversion that could be more easily implemented by nonspecialist prescribers.
Conclusion
The four validation studies confirm that fentanyl ITS can be used for its intended uses (ie, postoperative pain management) by the intended users (nurses, pharmacists, and hospitalized postoperative patients) in the intended use environment (ie, hospital setting), without any errors or close calls that could affect safety of the users. Overall, patients, nurses, and pharmacists were able to use fentanyl ITS with ease. These are important findings for perianesthesia nurses as they are on the front-lines of postoperative pain management. They have an incredibly important role in both initiating PCA as well as teaching patients about their PCA. Having a system that is easy to use by both the nurse and the patient should translate into more time for the nurse to spend on other patient-focused activities vs time spent on programming PCA.
